Depletion of endoplasmic reticulum (ER)
1 calcium stores triggers Ca 2ϩ influx across the plasma membrane (PM), a process initially termed as "capacitative calcium entry" (CCE) and later on as "store-operated calcium entry" (SOCE) (1) . The so-called store-operated Ca 2ϩ -permeable channels (SOCs) that mediate this Ca 2ϩ influx are present in the PM of most nonexcitable cells and several types of excitable cells (2) (3) (4) (5) (6) (7) . To date, the best-studied SOCs in terms of biophysical properties and modes of regulation are calcium release-activated Ca 2ϩ channels (CRACs) originally described in immune cells (8 -10) . However, the plethora number of studies conducted in various cell models over recent years has clearly established the existence of numerous SOC subtypes with the properties distinct from "classic" CRAC (11) . These subtypes are differentiated by their selectivity, unitary conductance, pharmacology, and modes of regulation (reviewed in Ref. 12) . Despite an obvious progress achieved in SOC understanding, the one or more precise mechanisms linking store depletion to SOC activation still remain a matter of debate. Three major model hypotheses for SOC activation are currently considered.
The first model implies dynamic conformational coupling involving direct protein-protein interaction between the ER membrane proteins responsible for physiological Ca 2ϩ liberation such as IP 3 and ryanodine receptors (4, (13) (14) (15) (16) (17) and plasma membrane SOCs, which results in SOC activation. This model received considerable experimental support over the recent years. Moreover, the latest data suggest that the conformational coupling mechanism of SOC activation may not even require store depletion, because IP 3 receptor (IP 3 R) mutant devoid of Ca 2ϩ -releasing capability is still able to support agonist-induced Ca 2ϩ entry (18) . The second model postulates the existence of a diffusible messenger termed "calcium influx factor" (CIF), which can be formed and released from the ER upon depletion, thereby transmitting the signal to plasma membrane SOCs (19, 20) . The nature and molecular origin of CIF as well as the precise role it plays in physiological Ca 2ϩ signaling pathways is as yet unknown. However, the following recent developments in the field make the "CIF hypothesis" very attractive: 1) obtaining the evidence on diffusible messenger involvement in smooth muscle SOC activation (21) , 2) establishment of a causal link between store depletion and activation of Ca 2ϩ -independent phospholipase A 2 (iPLA 2 ) (22), 3) demonstration of the role of iPLA 2 in membrane-delimited SOC activation (23, 24) , and, finally, 4) CIF implication in store-dependent iPLA 2 stimulation (24) .
Finally, the third "secretion-like" coupling model suggests that the docking or fusion of secretory vesicles with the plasma membrane may activate CCE probably via exocytosis of membrane channels or regulatory molecules (25) . There is evidence that a secretion-like mechanism might involve cytoskeletal modifications permitting close, but reversible interactions between the ER and the PM upon store depletion (26, 27) , although such a possibility does not always find experimental support (28) .
The ER Ca 2ϩ stores can be depleted actively via ultimate stimulation of IP 3 Rs or passively due to enhanced Ca 2ϩ leak from the ER. The first type of depletion can be achieved by such physiological means as stimulation of membrane receptors coupled to phospholipase C (PLC)-catalyzed IP 3 production or use of exogenous IP 3 , whereas the second type can be modeled with pharmacological agents permitting artificial shifting the balance toward Ca 2ϩ leakage due to suppression of ER Ca 2ϩ uptake (SERCA pump inhibitor thapsigargin (TG)), formation of additional leakage pathways (Ca 2ϩ ionophore ionomycin (IM)), or excessive cytosolic Ca 2ϩ buffering (Ca 2ϩ chelators). From general considerations it is hard to imagine that storedepleting interventions, working through enhanced ER leak, would activate SOCs via the mechanism involving direct conformational IP 3 R-SOC interaction. At the same time one can expect that by using receptor agonists or IP 3 per se, it would theoretically be possible to recruit all mechanisms existing in the cell for SOC activation. Thus, employment of various experimental protocols to affect the filling status of ER Ca 2ϩ stores can be useful instrument for dissecting overall SOCE on individual components based on their activation mechanisms.
Two pieces of evidence, 1) the possibility of rescuing agonistinduced Ca 2ϩ entry in IP 3 R knockout cells by overexpression of IP 3 R mutant defective of Ca 2ϩ -releasing property (18) and 2) the retention of TG-induced SOCE in IP 3 R knockout cells (29, 30) , strongly suggest not only the presence of two, "strictly IP 3 R-dependent" and "generally store-dependent" modes of SOC activation, but also their possible co-existence in the single cell type. In fact, such co-existence has already been demonstrated (11), although without providing any clues as to possible differences, either in coupling mechanisms or in molecular origin of respective SOCs. At the same time it is likely that both may be cell-specific requiring thorough identification in each particular case. The preferential mode of SOC activation may also depend on the degree of ER compartmentalization due to the existence of specialized ER sub-regions involved in different SOC-controlling signaling pathways (31, 32) .
We have previously identified and characterized endogenous SOCs playing important role in the apoptosis of LNCaP (lymph node carcinoma of the prostate (33)) human prostate cancer epithelial cells (34, 35) and showed that likely molecular entities they are based upon, TRPV6 and TRPC1 (36, 37) , are members of the transient receptor potential (TRP) channel family.
In the present study we asked how endogenous SOCs in LNCaP cells are activated. By comparing amplitude and kinetic characteristics, susceptibility to regulatory influences and to various TRPs knockout of store-operated currents (I SOC ) activated by IP 3 and TG, we came to the conclusion that two functionally distinct SOC populations exist. The first one (called SOC CC for "conformational coupling") is characterized by a preferential IP 3 R-mediated mode of activation and the dominant contribution of TRPC1 within it. The second one (called SOC CIF for "calcium influx factor") depends on iPLA 2 for activation with probable CIF involvement and is mostly represented by TRPC4. The previously identified SOC constituent, TRPV6 (36, 37) , seems to play an equal role in both types of SOC. These results provide new insight into the nature of SOCs and their representation in the single cell type and permit reconciliation of current SOC activation hypotheses.
EXPERIMENTAL PROCEDURES
Cell Cultures-LNCaP cells from the American Type Culture Collection were cultured in RPMI 1640 medium (BioWhittaker, Fontenay sous Bois, France) supplemented with 5 mM L-glutamine (Sigma) and 10% fetal bovine serum (Seromed, Poly-Labo, Strasbourg, France). The culture medium also contained 50,000 IU/liter penicillin and 50 mg/liter streptomycin. Cells were routinely grown in 50-ml flasks (Nunc, PolyLabo) and kept at 37°C in a humidified incubator in an air/CO 2 (95/5%) atmosphere. For electrophysiological experiments, the cells were subcultured in Petri dishes (Nunc) coated with polyornithine (Sigma, 5 mg/liter) and used after 3-6 days.
Electrophysiology and Solutions-Macroscopic currents in LNCaP cells were recorded in the whole cell configuration of the patch-clamp technique using a computer-controlled EPC-9 amplifier (HEKA Electronic, Germany). Patch pipettes were made from borosilicate glass capillaries (World Precision Instruments) on a PIP-5 (HEKA Electronic) puller. The resistance of the pipettes filled with the basic pipette solution (see below) varied from 4 to 6 M⍀.
The 3 and thapsigargin) were added directly to the respective solutions, from appropriately prepared stock solutions.
During electrophysiological experiments, cells were kept in the regular extracellular solution. External solutions were changed, using a multibarrel puffing micropipette, with a common outflow positioned in close proximity to the cell under investigation. During the experiment, the cell was continuously superfused with the solution via puffing pipette to reduce possible artifacts related to the change from static to moving solution and vice versa. Complete external solution exchange was achieved in Ͻ1 s.
Analysis of membrane currents was performed offline. Usually three to five current traces that directly preceded the store-depleting operation were averaged to derive a mean base-line current, which was then subtracted from the currents during the operation. The resultant current was considered to be a store-operated one (I SOC ).
Antisense Assays-The LNCaP cells were treated for up to 5 days with either 0.5 M phosphorothioate antisense oligodeoxynucleotides (ODNs) (Eurogentec) targeted to the iPLA 2 coding region and 2.5 M cytofectin (GS3815 to dioleoyl phosphatidylethanolamine at a 2:1 molar ration, unsized) (Eurogentec) or sense ODNs by adding them directly to the culture medium. The 18-mer ODNs used in these studies had the following sequences: 5Ј-CTCCTTCACCCGGAATGGGT-3Ј for antisense ODN and 5Ј-ACCCATTCCGGGTGAAGGAG-3Ј for sense ODN. The sequences of sense and antisense oligodeoxynucleotides (ODNs) (Eurogentec) targeted to the coding regions of TRPC3 and TRPC4 were: 5Ј-CCATGGACCTAGAGAAGC-3Ј for TRPC3 antisense ODN and 5Ј-CCATGGACCTAGAGAAGC-3Ј for TRPC3 sense ODN; 5Ј-GTAATA-GAACTGAGCCAT-3Ј for TRPC4 antisense ODN and 5Ј-ATGGCT-CAGTTCTATTAC-3Ј for TRPC4 sense ODN.
Fluorescence Measurements of [Ca 2ϩ ] ER -LNCaP cells were grown on glass coverslips and loaded with 2 M of the AM-ester derivative of Mag-fura 2 for 45 min at 37°C (the detailed procedure has been described previously (35) ). After incubation with dye, the plasma membrane was then selectively permeabilized: cells were rinsed briefly in a high K ϩ solution (in millimolar): 125 KCl, 25 NaCl, 10 HEPES, 0.1 MgCl 2 , pH 7.2 then exposed for 2 min to an "intracellular buffer" at 37°C and 5 g/ml digitonin. Permeabilized cells were continuously superfused with an intracellular buffer (the same solution without digitonin and supplemented with 0.2 mM Mg-ATP, with free Ca 2ϩ concentration clamped to 170 nM using Ca 2ϩ /EGTA buffers). Ratio imaging measurements of Mag-fura 2 fluorescence were made using a commercial imaging system (Quanticell 900, Applied Imaging, UK).
Western Blot Analysis-Microsomal preparations of LNCaP cells and of control RBL-2H3 cells were prepared and analyzed by Western blotting analysis for TRP and IP 3 R expression as previously described (35, 38, 39) . Antibodies anti-calnexin and against TRPC (TRPC1, TRPC3, and TRPC4) were from Santa Cruz Biotechnology Inc. and Alomone, respectively. The antibodies used for IP 3 R detection were the isoformspecific polyclonal antibodies against IP 3 R1 (Rbt03) or against IP 3 R2 (Rbt02 and Rbt226) (40, 41) and the monoclonal MMAtype3 against IP 3 R3 (BD Transduction Laboratories). Additionally, we used affinitypurified Rbt475 to simultaneously detect the various IP 3 R isoforms (39) . The various IP 3 R isoforms were quantified by fluoroimaging (38) . Determination of the IP 3 R isoform levels was performed by using two independent quantification approaches, as previously described (39); i.e. either indirectly by comparison with the IP 3 R levels observed in RBL-2H3 microsomes or directly by comparison of the signals obtained for the different molecular weight bands with affinity-purified Rbt475.
Data Analysis and Statistics-Each experiment was repeated several times. The data were analyzed using PulseFit (HEKA Electronics) and Origin 5.0 (Microcal, Northampton, MA) software. Results are expressed as mean Ϯ S.E., where appropriate. Student's t test was used for statistical comparison of the differences, and p Ͻ 0.05 was considered significant.
Chemicals-All chemicals were from Sigma except for thapsigargin, which was purchased from Calbiochem, and Mag-fura 2-AM was from Molecular Probes.
RESULTS
To dissect the overall SOCE in LNCaP cells onto components characterized by different modes of store-dependent activation and presumably relying on separate trans-membrane Ca 2ϩ entry pathways we: 1) compared store-operated Ca 2ϩ currents (I SOC ) activated by IP 3 and TG, 2) correlated the magnitudes and temporal parameters of the development of these currents to the extent and speed of IP 3 -and TG-induced stores depletion, 3) examined the regulation of these currents by different intracellular factors, and 4) assessed their sensitivity to the knockout of TRP members with potential store dependence expressed in LNCaP cells.
Relationship between the Extent of Ca 2ϩ Store Depletion and Activation of I SOC -In complete agreement with our previous studies (35) (36) (37) , inclusion of 100 M IP 3 in the intracellular pipette solution used for the whole cell patch-clamp current recording resulted in the development of inwardly rectifying Ca 2ϩ -carried membrane current, which we identified as being store-operated due to IP 3 -mediated store depletion (I SOC,IP3 ). With 10 mM Ca 2ϩ in the bath, this current developed to a maximal density of 2.3 Ϯ 0.3 pA/picofarad (at Ϫ100 mV, n ϭ 9) in about 50 s following the establishment of the whole cell configuration (Fig. 1, A and B) and then stayed relatively constant or even slightly declined over a period of up to 5 min. It should be noted that 100 M intracellular IP 3 was already at a saturating concentration for the current activation, and its further increase did not result in the enhancement of I SOC,IP3 density (data not shown).
Similar current in terms of rectification and [Ca 2ϩ ] out dependence could be activated by TG-mediated store depletion in response to extracellular application of TG (0.1 M). However, the time course of TG-induced store-operated current (I SOC,TG ) was much slower (i.e. time to plateau ϳ 300 s), whereas the maximal density at Ϫ100 mV was considerably lower (i.e. 0.7 Ϯ 0.3 pA/picofarad, n ϭ 10) compared with IP 3 -induced one (Fig.  1, A and B) .
In response to equimolar substitutions of Sr 2ϩ , Ba 2ϩ , or Mn 2ϩ for Ca 2ϩ the I SOC,IP3 amplitudes measured at Ϫ100 mV 3 -and TG-mediated ER store depletions in the assumption that IM produces total liberation of available Ca 2ϩ provided the fractions of store content reduction of 29 Ϯ 8% (n ϭ 20) and 79 Ϯ 8% (n ϭ 25), respectively (Fig. 1D) .
Thus, comparison of IP 3 and TG store-depleting capabilities with respective current magnitudes shows a lack of direct correlation between the two. IP 3 , which depletes only a small fraction of the store, is capable of activating a large membrane current, whereas TG, although producing almost complete store depletion, induces a disproportionably small current. Altogether, these results suggest the role of other factors than just store content in current activation and may be indicative of specifics in store-to-SOC signaling as well as diversity of targeted SOCs. The next series of experiments was undertaken to verify these possibilities.
IP 3 -and TG-activated Store-dependent Currents Are Additive-To answer the question as to whether or not IP 3 -and TG-mediated current activations utilize different store-tochannel signaling pathways and/or are based on different membrane channels, the first thing to do is to check if I SOC,IP3 and I SOC,TG are additive. Indeed, if either preferential storechannel coupling mode or targeted channel is common then in the event of saturating influences one would not expect to see simultaneous activation of both currents. Fig. 2 (A and B) shows that application of increasing TG concentrations (in the range of 0.01 to 1 M), although invoking progressively larger Ca 2ϩ releases from the store (measured in nominally Ca 2ϩ -free extracellular saline), produces only acceleration of I SOC,TG activation, but not the enhancement of its density. This result suggests that either only a small part of the total TG-releasable pool is functionally coupled to membrane channels or that the number of available channels is very limited. It also suggests that TG concentrations above 0.01 M are already high enough to produce full activation of related membrane current.
As shown in Fig. 2C , (42) (43) (44) . The existing models consider three possible types of such organization (for review see Ref. 45): 1) direct physical contact allowing transmission of conformational changes ("direct physical coupling"), 2) confined spatial proximity permitting shortrange signaling within a restricted space ("spatial coupling"), and 3) inducible docking providing for direct interaction upon incoming signal ("induced coupling").
Two Types of
The existing local organization can be affected by cytoskeletal modifications (27, 46) , and their impact on SOC function can generally provide important clues on coupling mechanisms. It has been shown, for instance, that pharmacological treatments that stabilize the cortical actin network result in the loss of SOC activity either by impeding secretion-like ER and PM coupling (26, 27) or by promoting internalization of SOCs (47, 48) . In our hands, LNCaP cell treatment with cytochalasin D (1 M, 30 min) to interfere with the cytoskeleton by depolymerizing the actin network was without effect on both I SOC,TG and I SOC,IP3 (Fig. 3, A and B) . To the contrary, cell treatment with calyculin A (CalyA, 10 nM, 10 min), which polymerizes the peripheral actin network while still not affecting I SOC,TG (Fig.  3C) , nearly prevented I SOC,IP3 activation (Fig. 3D) . The action of CalyA could be mimicked by jasplakinolide, another agent causing cortical actin formation, suggesting the specificity of described effects (Fig. 3, E and F) .
These results support the notion of two different signaling mechanisms governing I SOC,TG and I SOC,IP3 activation, of which the dynamic one mediated via IP 3 R probably involves direct IP 3 R-SOC conformational coupling, for which the role of cytoskeleton was most implicated (47, 48) . Given high probability that store-operated channels underlying I SOC,TG and I SOC,IP3 may be different as well, for the channel that carries I SOC,IP3 and is most likely controlled by direct IP 3 R-meadiated activation mode, we adopted the tentative designation, SOC CC (for "conformational coupling").
LNCaP (Fig. 4, A and C) . Despite the use of two different antibodies against IP 3 R2, we were unable to resolved specific signal above the background level, indicating very low, if any IP 3 R2 expression in LNCaP cells (Fig. 4B) . Quantification of relative representation of IP 3 R1 and IP 3 R3 isoforms in LNCaP cells provided the ratio: IP 3 R1:IP 3 R3 ϭ 0.75:0.25. Such quantification was performed using the common antibody Rbt475 based on comparison with known IP 3 R1:IP 3 R2:IP 3 R3 ϭ 0.1:0.7:0.2 for RBL-2H3 cells (49) as well as by quantification based on the pan-IP 3 R antibody Rbt475 (Fig. 4D) . These data suggest that IP 3 R1, being the most abundant in LNCaP cells, and to a lesser extent IP 3 R3 are engaged in probable conformational type interaction with SOC CC .
TG-mediated SOC Activation Involves Ca 2ϩ -independent Phospholipase A 2 -Recently Ca 2ϩ -independent phospholipase A 2 (iPLA 2 ) has been implicated in store-to-SOC signaling via the mechanism involving CIF (23, 24). To assess the potential role of iPLA 2 in SOCs activation during IP 3 -and TG-mediated store depletion in LNCaP cells we examined I SOC,TG and I SOC,IP3 under conditions of impaired iPLA 2 activity by pharmacological or molecular means. Fig. 5 shows that LNCaP cells treatment with specific irreversible iPLA 2 inhibitor, bromoenol lactone (BEL, 100 M, 30 min, 37°C), resulted in about 80% reduction of I SOC,TG (Fig. 5, A and C) but only in about 30% reduction of I SOC,IP3 (Fig. 5, B and D) compared with untreated cells, suggesting greater importance of iPLA 2 activity in TGthan in IP 3 -evoked store-dependent processes. Consistently, strong down-regulation of I SOC,TG in BEL-treated cells was paralleled by proportional decrease of TG-induced Ca 2ϩ influx measured in fluorimetric experiments (data not shown),
To further confirm observations obtained with BEL, we used antisense oligonucleotides technology to reduce endogenous iPLA 2 mRNA levels in LNCaP cells thereby abating its activity by alternative way. Experiments on LNCaP cells treated with iPLA 2 antisense oligonucleotides produced not only qualitatively but also quantitatively similar results to those with BEL: 71% reduction of I SOC,TG (Fig. 5C ) and 31% reduction of I SOC,IP3 (Fig. 5D ) compared with control (in this case LNCaP cells treated with iPLA 2 sense oligonucleotides).
Thus, experiments with iPLA 2 impairment provided further proof of the notion that IP 3 R-and TG-mediated SOC activation is governed by different mechanisms in LNCaP cells. Because so far iPLA 2 is most implicated in CIF-type store-to-SOC signaling (23, 24) , it would be reasonable to suggest that TGinduced store depletion activates membrane channels preferentially via this particular type of signaling and designate these channels as SOC CIF .
Molecular Origin of SOCs in IP 3 -and TG-mediated Store Depletion-In our recent study we have identified TRPV6 (36, 37) and TRPC1 (37) as molecular determinants of store-operated Ca 2ϩ entry pathway in LNCaP cells. To examine possible distinctions in molecular nature of IP 3 -and TG-activated Ca 2ϩ entry pathways evident from the bulk of data presented so far, we used antisense oligonucleotides technology for decreasing endogenous mRNA of each potential candidate from TRP channel family found in LNCaP cells with further assessment of its impact on I SOC,TG and I SOC,IP3 .
The data on TRPV6 detection and hybrid depletion have already been presented in our previous study (36) . These data show that antisense hybrid depletion of TRPV6 causes similar I SOC,IP3 and I SOC,TG suppression by about 50%, suggesting Two Types of Store-operated Ca 2ϩ Channels 30331 virtually equal involvement of this Ca 2ϩ transporter in both IP 3 -and TG-induced responses. Except for TRPV6, our Western blot analysis also showed the expression of TRPC1, TRPC3, and TRPC4 proteins in LNCaP cells (Fig. 6A) . Comparison of I SOC,TG and I SOC,IP3 densities in LNCaP cells treated with sense (serving as control) and antisense oligonucleotides against TRPC1, TRPC3, and TRPC4 is presented in Fig. 6B . As one can see, TRPC1 antisense treatment appeared to be exclusively specific in I SOC,IP3 suppression (i.e. by ϳ62%) leaving I SOC,TG virtually intact. At the same time, TRPC4 hybrid depletion was much more effective in the suppression of I SOC,TG (i.e. by ϳ74%) compared with I SOC,IP3 (i.e. by ϳ30%). Finally, alterations in endogenous TRPC3 mRNA were without effect on both currents. These data indicate that, along with distinct modes of activation, IP 3 -and TG-induced store-dependent processes rely on different membrane channels for providing Ca 2ϩ influx, with TRPC1 almost exclusively contributing to SOC CC and TRPC4 primarily contributing to SOC CIF .
To make sure that TRPC1 and TRPC4 antisense treatments were specific in the down-regulation of only the channel they were targeted against and did not affect the other, we performed semi-quantitative Western analysis of TRPC1 and TRPC4 proteins expression in LNCaP cells subjected to the respective treatments (Fig. 6C) . This analysis has shown that that there is only slight cross-reactivity, which, however, was not specific to antisense versus sense treatments, whereas the reductions of the specifically targeted proteins were much stronger, with that of TRPC4 being almost complete.
Thus, taken together our data unequivocally demonstrate that IP 3 -and TG-induced store-dependent processes utilize different store-to-channel signal transduction mechanisms and recruit different membrane channels to provide for Ca 2ϩ influx in LNCaP prostate cancer epithelial cells.
CaMK-II and PKC Differentially Regulate I SOC,TG and I SOC,IP3 -Finally, we were interested as to whether the two store-operated channels identified in LNCaP cells are differentially regulated. This was verified using Ca 2ϩ -dependent protein kinase C (PKC) inhibitor, Gö6983, and Ca 2ϩ /calmodulindependent protein kinase-II (CaMK-II) inhibitory peptide, because our previous studies implicated both PKC and CaMK-II in Ca 2ϩ -dependent feedback inhibition of IP 3 -activated SOCs (37) . Fig. 7 shows that LNCaP cells treatment with Gö6983 (50 nM, 30 min) or CaMK-II inhibitory peptide (40 M) infusion via patch pipette significantly increased I SOC,IP3 (Fig. 7, A and C) but left virtually intact I SOC,TG (Fig. 7, B and  D) , suggesting that Ca 2ϩ -dependent feedback inhibition is probably important in SOC CC , but not SOC CIF regulation.
DISCUSSION
In the present study we report on the existence of two types of store-operated Ca 2ϩ channels in LNCaP prostate cancer epithelial cells, tentatively termed as SOC CC and SOC CIF , which are: 1) preferentially activated by either active IP 3 -mediated or passive, modeled by TG-mediated ER Ca 2ϩ stores depletion, 2) characterized by distinct store-dependent modes of activation, and 3) relying on different TRP members for Ca Two Types of Store-operated Ca 2ϩ Channels 30332 transport. Our study is the first one demonstrating not only the co-existence of various SOC types in single cell, but also providing justified clues on their molecular nature and modes of activation.
Active versus Passive Stores Depletion in Relation to SOCs Activation-The most striking difference between membrane currents evoked by active stores depletion via IP 3 Rs and by passive stores depletion due to TG-induced shift toward enhanced leak is an apparent lack of any direct correlation with the extent of related store content reduction. Indeed, relatively minor IP 3 -mediated decrease in store content activates big I SOC,IP3 , whereas almost complete store emptying mediated by TG results in considerably lower I SOC,TG .
The possibility that low cytosolic Ca 2ϩ , which was reported to be able to activate membrane current independent of global store depletion (50) , may contribute to the apparent differences in I SOC,IP3 and I SOC,TG store dependence is highly unlikely, because our Ca 2ϩ -buffering conditions during recording of both currents were identical. Therefore, in the assumption of homogenous SOC population and uniformity of store-to-SOC signaling mechanism, this dilemma can only by resolved by suggesting the existence of store sub-compartments with different coupling strength to membrane channels. For instance, Huang and Putney (31) , based on the evidence obtained using the RBL-1 mast cell line, have concluded that various parts of the ER Ca 2ϩ store may bear substantial degree of specialization in terms of SOC coupling. IP 3 via activating IP 3 R and TG via leak channels may discharge Ca 2ϩ at their specific sites, but such sites could be localized in a non-homogenous manner in defined regions of the ER, and, therefore, the way of store depletion would be critical for membrane current activation. If this is indeed the case, then our data on divergent I SOC,IP3 and I SOC,TG store dependence could be explained just by the presence of separate IP 3 -and TG-releasable pools in LNCaP cells. However, consideration of all available data, although not excluding the role of ER sub-compartmentalization, suggests the importance of other factors than just store content in SOCE Two Types of Store-operated Ca 2ϩ Channels 30333 activation via active and passive store depletion, and these factors are: involvement of different signaling mechanisms and coupling to different membrane channels.
Store-to-channel Signaling in Active and
Passive Store Depletion-The major argument in favor of different coupling mechanisms in I SOC,IP3 and I SOC,TG activation comes from their differential sensitivity to two major regulatory influences: cytoskeletal modifications via actin polymerization and iPLA 2 impairment. Cytoskeletal modifications have been implicated in the direct IP 3 R-SOC conformational coupling model (26, 27) , whereas iPLA 2 stimulation is currently considered as a key event in CIF-type coupling mechanism (22) (23) (24) .
Actin-polymerizing agents, calyculin-A and jasplakinolide, have been shown to inhibit SOCE either by prevention of IP 3 R and SOC association in a secretion-like coupling manner (51), or by causing internalization of the whole IP 3 R⅐SOC complex (47) or SOC-related TRP members (48) . Moreover, the effect of these agents is known to be more pronounced on agonist-stimulated SOCE involving IP 3 R activation than on the TG-induced one (48), suggesting its IP 3 R specificity. Thus, virtually complete abrogation of I SOC,IP3 activation by calyculin-A and jasplakinolide observed in our experiments together with quite minor IP 3 -evoked reduction of Ca 2ϩ store content, which accompanies I SOC,IP3 activation, indicates that IP 3 binding to the receptor and associated conformational changes rather than the size of the store depletion is important for the type of signaling involved. Recent data showing the ability of IP 3 R mutant devoid of any Ca 2ϩ -releasing activity to support SOCE (18) are consistent with this notion.
Lack of measurable effect of actin-modifying agents on I SOC,TG makes any involvement of cytoskeleton and IP 3 Rs in TG-recruited store-to-channel signaling highly unlikely. At the same time, quite dramatic I SOC,TG down-regulation in response to iPLA 2 impairment can be viewed as strong evidence in favor of the CIF coupling model. Indeed, store depletion is known to increase iPLA 2 activity (22) , and this stimulation is likely to be the consequence of CIF release from the ER upon store depletion (24) . Although molecular identity of CIF still remains elusive, it is postulated to play a role in iPLA 2 stimulation by displacing the inhibitory calmodulin from iPLA 2 (24) . In response to such stimulation by iPLA 2 , which has been shown to have predominant PM localization, the production of lysophospholipids increases, which in turn can activate SOCs in a membrane-delimited fashion (24) . Slight down-regulation of I SOC,IP3 as well, which we observed in response to iPLA 2 impairment, may suggest that IP 3 -evoked store depletion, although not very big in size, may also trigger some CIF-related response. It is likely, therefore, that SOCE triggered by massive IP 3 -dependent Ca 2ϩ release in response to stimulation of PLC-coupled membrane receptors would consist of two components distinguished by their store-to-channel signaling mechanism.
Additional support on distinct mechanisms involved in I SO -C,IP3 and I SOC,TG activation comes from their differential sensitivity to Ca 2ϩ feedback inhibition, which is largely regulated by such Ca 2ϩ -dependent enzymes as PKC and CaMK-II. Indeed, because this type of feedback inhibition seems to play a more prominent role in IP 3 -induced SOCE (52), potentiation of I SOC,IP3 , but not I SOC,TG , in response to PKC or CaMK-II inhibition observed by us would generally agree better with the direct IP 3 R-channel interaction model for I SOC,IP3 , but not for that of I SOC,TG activation.
Different Signaling Targets Different TRP Members-The first indication that SOCs involved in IP 3 -and TG-mediated responses in LNCaP cells may not be similar comes from selectivity measurements, which revealed higher Ba 2ϩ -and Mn 2ϩ -carried I SOC,IP3 than I SOC,TG . As we showed that I SOC,IP3 and I SOC,TG may preferentially rely on conformational-type and CIF-type signaling for their activation, the respective endogenous plasma membrane SOC subtypes were termed as SOC CC and SOC CIF .
Currently molecular candidates for most of the observed endogenous SOC phenotypes described in different cell models come from the TRP-channel family (reviewed in Refs. 45 and 53) . Nearly all members of the "canonical" TRPC subfamily as well as the "vanilloid" subfamily member TRPV6 have been suggested and are considered as potential store-operated channels (reviewed in Ref. 54 ). In our search for SOC CC and SOC CIF molecular counterparts, we also turned our attention to the TRP-channel family and carefully analyzed the functional role of all members, which according to our data are endogenously expressed in LNCaP cells and possess store-dependent properties: TRPC1, TRPC3, TRPC4, and TRPV6. To do so we employed the most appropriate for such type of analysis strategy consisting in hybrid depletion of specific TRP member with subsequent assessment of the impact it might exert on storeoperated current.
In our previous study we already proved that endogenous TRPV6 is equally involved in IP 3 -and TG-induced I SOC in LNCaP cells (32) . Because TRPV6 hybrid depletion reduced only about 50% of both currents, we suggested that it may either be a subunit in heteromultimeric assembly of endogenous SOC complex or may be tightly coupled to signal transduction machinery stimulated by store depletion. Our conclusion on TRPV6 involvement in endogenous SOCE in LNCaP cells has been recently confirmed in independent study (55) . Therefore, it seems likely that conflicts to our results obtained in the experiments on TRPV6 overexpression in LNCaP cells (56) can be explained by different assembly, regulation, and/or processing of endogenous versus exogenous TRP subunits, because existing evidence indicates that not only apparent activation modes of TRP channels but even their pharmacology may be highly dependent on the expression levels (57-59).
Our present hybrid depletion experiments show that out of three canonical TRP members TRPC3 does not affect either The left panel represents the calcium influx factor (CIF) activation mode, which primarily operates on passive store depletion via ER leak channels, facilitated by TG-induced SERCA pump inhibition. Upon such depletion CIF is released from the ER and stimulates plasma membrane-bound Ca 2ϩ -independent phospholipase A 2 (iPLA 2 ), which in turn activates SOC CIF in membrane-delimited fashion (24) . The right panel represents the conformational coupling activation mode, requiring active store depletion via IP 3 -receptors (IP3R), either due to PLC-catalyzed IP 3 production in response to agonist binding to plasma membrane receptors or providing exogenous IP 3 . IP 3 R stimulation directly translates into SOC CC activation via conformational coupling mechanism involving protein-protein interaction, cytoskeleton (straight lines) rearrangement, and Ca 2ϩ -dependent feedback inhibition.
I SOC,IP3 or I SOC,TG , and, therefore, it cannot be suggested as contributing to any type of endogenous SOC in LNCaP cells. This is quite surprising, because TRPC3 has been previously implicated in a number of SOCs (14, 15, 60) , although there is evidence that the TRPC3 activation mechanism may be determined by the expression levels (59) . As far as two other canonical TRPs are concerned, then according to our data their roles in LNCaP cells SOCE are clearly separated with TRPC1 almost exclusively involved in I SOC,IP3 and TRPC4 predominantly involved in I SOC,TG . This allows one to suggest that TRPC1 is an essential component of SOC CC engaged in conformational-type signaling with IP 3 R, whereas TRPC4 is part of SOC CIF communicating with the ER via diffusible messenger. Our finding that TRPC1, which is able to form homomultimeric SOC (61) , is the important constituent of SOC CC agrees with previous studies showing that TRPC1 coimmunoprecipitates with IP 3 receptors (27, 62) and that the expression of interacting regions of IP 3 R and TRPC1 can modify native capacitative calcium entry and TRPC1 function (63) . In this respect our data on dominant expression of the IP 3 R1 receptor isoform in LNCaP cells point to the IP 3 R1⅐TRPC1 complex as a key determinant of SOCE operating on conformational-type activation mechanism in prostate cancer epithelial cells.
According to available data, TRPC4, which we suggest to be the key SOC CIF component, can be activated in response to TG-induced store depletion (64, 65) and was proposed as being the main store-operated Ca 2ϩ channel or its essential subunit (66) . TRPC4 has also been shown to contribute to Ca 2ϩ current closely resembling well characterized the I CRAC phenotype in adrenal cells (67) and to correlate with the lack of an endothelial store-operated Ca 2ϩ current in TRPC4 knockout mice (68). However, there are also some reports indicating that TRPC4 channels may not be activated by TG-or IM-induced store depletion (e.g. Ref. 69 , reviewed in Refs. 45 and 70) . It seems, therefore, that participation of specific TRPs, including TRPC1 and TRPC4, in I SOC is probably not essential in every cell type, and exactly how these channels are regulated cannot to date be stated with certainty.
Altogether, our results clearly establish the co-existence of two types of store-operated channels in LNCaP prostate cancer cells, SOC CC and SOC CIF (Fig. 8) . These channels have different store-dependent modes of activation and rely in their structure on different TRP members. TRPC1 predominantly contributes to SOC CC , TRPC4 to SOC CIF , and TRPV6 to both SOC CC and SOC CIF , although a comparison of the original and residual currents following TRPC1, TRPC4, and TRPV6 depletion, as well as simultaneous depletion of their combinations is required to obtain more conclusive data. Our results could explain in part the abundance of apparently conflicting data on the coupling of store-operated channels to store depletion and may reconcile the two models for SOC activation: the conformational coupling and the CIF mechanisms. They also prove that these two mechanisms are not exclusive and may co-exist in a single cell.
